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INFLUENCE OF POULTRY MANURE AMENDMENT ON BIOREMEDIAL ACTIVITY OF
PETROLEUM G!L POLLUTED SOIL AND EARLY COWPEA GROWTH.
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(Received 31 October 2000 ; Revision accepted 6 June, 2001)
ABSTRACT

Bioremedial ability of poultry manure on crude-oil-polluted soil and the effect on the seed germination
as well as early growth rate of cowpea (Vigna sinsnsis) on the soil were studied. The results showed
that addition of poultry manure led to favourable increase in pH of the polluted soil. The total nitrogen
and phosphorus content as well as the exchangeable cations levels of the contaminated soil were
significantly (P < 0.05) increased. Carbon dioxide production was significantly {(p < 0.05) and
positively correlated with increased concentration of poultry manure. Results on the cowpea
germination and plant growth of the treated soil showed that increased levels of poultry manure
treatment at 0, 250, 500, 750 and 1000g on 4kg soil, polluted with crude -oil (2L} increased the
cumulative germination percentage (CGP} and vyield components of the plant. Poultry manure
treatment at 1000g and 750g gave the highest cumulative germination perceritages (CGP) of 83.3 and
75.0% with coefficient of germination velocity (CGV) of 0.075 and 0.069 respectively. Also, there
was a significant (P < 0.05) reduction in the leaf abscission with increased poultry manure level. The -
result findings have proved PM to be potentially suitable for ameliorating oil polluted soil.
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associated reduced

INTRODUCTION with high salinity and

Oil  contaminated soils have posed mineralization level of the soil, (Rhykerd et al.,
severe  difficulties  for  agricultural  crop 1995). '
production  in oil-producing  and  processing Biological ~ remediation  of  organic

chemical contaminated soils is an alternative
treatment technology that can often meet the
goal and can also ameliorate soil infertility.
Holliday and Deul (1994) reported a higher
level of nydrocarbon degradation in soils
amended with organic nutrients than i soils
with low nutrient

These problems arise from
to hydrocarbon

. areas in Nigeria.
induced soil infertility due
accumulation, Udo and Fayemi (1975)
repottad that pollution level as low as 1%
crude oil in soil suppressed the growth of Zea
mays. Southwick {1976) observed that seed
gertmination was inhibited at a high pollution

level and reta-ded at a low level.

Hydrocarbon polluted soils ~ are
amenable to bioremediation as micro-organisms
capable of degrading petroleum hydrocarbons
are present (Jones and Edington, 1968).
However, the biodegradation ability of these
micro-organisms may not contribute
significantly to enhanced crop vyield “in oil-
polluted  soils, This situation has been

fevel. Information on the on-site biodegradation
and detoxification of parent organic compounds
such as ‘petroleum oil, may be obtained using
chemical and bivassay

analyses (Brubaker and Exner, 1988), although
this method is very expensive and time
consuming. : Organic waste materials such’ as
poultry manure may enhance bioremedial
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activities of crude-oil contaminat:!
cheaper and faster rate, hence this =
carried out. Secondly, there is ;oo
information on the accelerated b oo
activity of oil-polluted soil with posiiiy L0
{(PM} amendment, besides assessing thw soil
productivity, with an indicator plani.

oA
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¥
i

MATERIALS AND METHOD
Sample Collection

‘Sterilized loamy ultisol  and poolivy
manure  (PM)  were obtained  frony  the
Departments of Soil and Animal Soiences of
the “University of Uyo, expoicns o ol
commercial farms  respocuvely. VITRRITe
Cawpea (Vigna sinensis} seeds of lucal vanoly
type were obtained from Horticulturd Honomeh
Institute of Nigeria, Okigwe, tmo Giae.  VThe
crude oil sample was collected Frorn e Mo
Nigeria Nigeria Unlimited Qua Jhena Lo Ao
Ibom State,

Physicochemical Analysis Of The o Soonples
8ol particle analysis was carried s uvag e
hydrometer method (Day, 185G). ool 3t wns

measured in 1:1 soil ta water suspinesion wiig
a pH meter with a glass clecuco: EEERTStIN
carbon was determined. by 1 ar
dichromate oxidation {Allisor, 196, tho
avallable phosphorus  was  exuaciod and
estimated with Bray 1 reagent, calcitin o

magnesium were determined by i with
EDTA (Jackson, 1959) while excionn,. uide K
and Na were read from a Gallerioonpy o
onalyzer.  Nitrogen was determined by il
kjeldah! methad.

Estimation Of Coz  Evoiution FITRAE
Bioramediation

The rate of crude oil Liodo, oo in
the PM amended soil sampies wer (onitoed
by CO2 evolution technique (Caxuficid, 18461},
Twenty grams of the contaminotad son ware
weighed inta screw-capped hotiles.  Differond
congentrations  of  the  pouliiy
amendments were prepared by dis. ooy,
2.0g, 3.0g, 4.0g9 and Og of the PM 0 @ s
distitled water.  These gave concent *joas o
1000ppm, 2000ppm, 3000pp o :
with Oppm as the control {unarmo:
imil of the different PM concent
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added into each of the screw-capped bottles
containing  20g  of the oil-contaminated-soil.
The bottles were then filled to full capacity
with distilied water by adding a mixture of 1.0g
of barur peroxide and 10ml of distilled waler
contained i a vial into each ol the screw-
capped bottles and tightly closed. The bottles
weare later incubated at room temperature (28
LYy, AL intervals of 1, 7, 14, 21, and 28 .
days the vials were withdrawn and replaced
with fresh sets at 7 days intervals for 28 days.

Planting Media Preparation

S0il pollution consisted of 2L of crude
oil, thoroughly mixed with 4kg of loamy soil
and left for 21 days. At the 22™ day, O
(cantrot), 250, 500, 750) and 1000qg ol PM
were thoroughly mixed with ~the 4kyg oil-
polluted-soil and allowed to incubate at 27
2°C for 7 days. Each amended polluted soil
sanple was placed in perforated plastic bay
{18em in dinmeter).  The perloration ol the bay
was to enhance drainage of excess water.

Germination Study

Five cowpea seeds were sown in each
of the plasiic bags containing polfluted soil
amended  with  PM. Each treatment was
replicated 3 times and watered as the need
arose. Seed germination was indexed by the
protrusion of 0.5 to 2.5mm of plumule at the
time of observation {(Odoemena, 1988). The

.germination rate was observed every 2 days

and calculated as coefficient of germination
velocity {CGV) according to the method of
Hartman and Kester (1964). The cumulative
germination percentage (CGP) was determined
for each trecatment after 10 days of the
germination study.

Growth Analysis

The scedlings were allowed to grow for
35 days before harvesting. Three cowpea
slants from each treatment were uprooted and
dnsed in slow running tap water to remove soil
particles. The plant height was measured. The
leal area of the plant was determined according
to the method of Hoyt and Bradfield {1962)
and the number of leal abscission was
recorded. The fresh masses of the plant
coraponent parts as well as the whole plant
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Tabie 1: Physicochemical propertics of oil contauminated soil amended with poultvy manuve

Soil propertics Garden soil

unpolleted (comtyol)

Garden soil Polluted
with Uetroleam oil

Polluted Garden soil
ameaded with
_poultry manure

“Sand T T
Sile (%) 60.82
Clay (%) 16.25

ru 6.60

Orpanic Carbon (%) 1.17
Total Nitrogen (%) 0.18
Phosphorus (%) 13.10
C/N vatio 8.62

LExchangeable cations (¢miol kg" soil)

K 0.34
Ca 1.90
Mg 0.82
Na 0.41

78.19
5.15
16.23
5.28
5.13
0.09
5.20
57.0

3.50
290
2.61
0.53

78.23
7.30
16.22
6.50
PARN
116
18.34
3.86

3.80
4.50
3edh .

The aceelerated rate of biodegradation of the crude il f the soil with PM tecitacat was monitosed by Ch
production (Table 2). The result revealed (hat higher concentration of PM induced higher carbon dioxide evolution
with a peak production at the 6 week study period.

Table 2: Cumulative cavbon dioxide cvolution form crude oil-polluted soit amended with poultey tinnee

il
(den /2 weeks)

Poultry manure concentration (ppmy)

TE5E120 803080

165.1£1.80
245.32.10

2606,242.54

Time 0 1000 2000
Weeks

. 38.340.75 62.4+0.50

2 86.241.13 148.6:1.12

4 . 169.54:1.05 226.842.25

6 186.742.15 24124310

3 190.3+3.25 196.8+1.20

2324123

3000 doo0

10124215

183.01.90 19714185
273.222.50 326443.50
295.142.20 35144236

251.02.55 281.7€005

Data are mean * standard deviation of triplicate determination = standard deviation

ware measured. The welghed seedlings wers
dried in an oven maintained at 80°C for 2 days
for determination of dry matter accumulation.
The difference between the fresh and dry
masses of the ploant is taken as the moisture
content of the .cadiing (Meyer et af., 1973).
The roct-shoot dry mass ratio was
calculated following the method of Varma and
Poonia (1979). The leaf area ratio (LAR)
calculated as the ratio of the area to the total
plant dry mass,’leaf mass ratio (LMR), stem
mass ratio (SMR) and root mass ratio (RMR)
defined as the dyy mass of each component of
the plant part to the total dry mass of the
whole plant, wers determined (Hoyt and
Bradfield, 1962). Al the data obtained were
sublected 10 8 two way analysis of variance

{ANOVA) according to the method of Sokal and

Rohif (7968) and wused to estimate the
significant growth parameters.
RESULTS

Physicochemical properties of the

poultry manure amended oil-polluted soil ‘as
well as that of unamended poliuted and
unpolluted soils are shown in table 1. The
result shows that oil pollution reduced the soil
pH level from 6.60 to 5.20 while PM
amendment normalized the pH level. The result
clearly shows that PM amendment on crude-oil-
polluted soil gave higher and significant (p <
0.05) total Nitrogen and Phosphorus
percentages as well as exchangeable cations
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levels than those of unpolluted and polluted
unamended soils.

The results of bioremedial effect of
poultry manure for restoration of oil-polluted
soil productivity using cowpea as an indicator
plant are shown in fig. 1, table 3 and 4. The
cumulative germination percentage of cowpea
seeds in oil polluted soil amended with 7560 and
1000g PM were 75% and 83.3% respectively,
which are significantly (p < 0.05} higher than
those of 500g {41.67% and 250g (15.80%]
PM amendment (fig. 1). The treatment without

PM gave no germination at the end of the
period for germination study. The coefficient
of germination velocity (CGV) increased with
increase in PM amendment of the soil. The
increases in CGV between 250g (0.0476) and
500g, (0.0555] PM treatment were not
significantly { p < 0.08) different from others,
but were different from those of 750, {0.0692)
gnd 1000g {0.0746).

Rasults on  the growth  characteristics
examined, indicate a general increase a general
increase due to PM treatment (Table 3). The
total dry mater accumulations of the leaf, stem,
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Fig. 1 Efcet of pouliry mante amendment o cumulntive seed germination percentage and

cocllicient of germination velocity of cowpea grown in ciude oil pofluted soil

Coetlicient of germination velociiy

(CGVy

root and whole plant as well as the fresh
masses were significantly {p £ 0.05) higher in
1000g PM treatment than those treated with
750 or 500g PM. Leaf abscission decreased
with increases in PM addition (Table 3). The
root-shoot ratio of the crop was highest at
500g PM treatment and least at 250g. the
moisture content of the plant also increased
with increases in PM treatrment.

The  results of  individual  vyield
components calculated as the ratio of mass of
each part of the plant to the today dry mass of
the whole plant are show in table 4 as LAR,

LMR, SMR and RMR. The values of LAR
significantly (p <0.05) increased from
3.62cm2 g-1 dry mass at 250g PM addition to
5.92cm2 g-1 dry mass at 500g PM and
suddenly cdropped to 4.11 and 3.36cm2 g-1
dry mass at 750 and 100g PM treatments,
respectively. The LMR increased with
increases in PM  treatment showing a
significant difference between 250 and 500y
PM amendment. The SMR decreased with
increase in PM treatiment, whereas the RMR
increased significantly (p =0.05) from 250 to
500g PM treattuants and gradually dropped
with further increased PM treatment.

DISCUSSION

The interest in this study is focused on
the possibility of using simple and cheap
biotechnologically based methods to restore
soil fertility for effective crop growth and
productivity after hydrocarbon pollution.

The normalization ability of PM
treatment on the polluted soil pH level, met
with the optimal pH range for hydrocarbon
degradation and microbial activity (Bindra and
Zester, 1978). The higher and significant
percentages of total Nitrogen, phosphorus and
exchangeable cations recorded on soil analysis
cpuld be corroborated with the report of
Mbagwu (19885} on poultry manure as a rich
source of N, P, K, Ca, Mg and Na. The
variations in the test soil particles are not at
variance with the report of Essien et al,
{1999). The peak CO: evolution at the 6 week
period of the experiment cculd depict the end
period of biodegradation of the oil
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Table 3: Effect of different levels of poultry manure amendment on the physical and steuctural
characteristics ol Cowpea (vigna sinensisy grown in crude-oil-polluted soil

. S R
Poultry manure amendment in grammes per 4kg soil (gky™ soil)

Growth. 700250 500)
paraneters

Leaves

Freshi mass () ND 2754035 8.27%)1.35
Dry smass (g) “ 0.120.0! 0.354+0.02
Lea arex (em”) “ 41621110 9.83+1.25
Leal Abscision “ 5.0340.50  3.25+0.13
Stem

Fresh mass (g) * 520+0.05  12.05£1.20
Dry mass (g) - 0.95+0.03  1.02:40.30
Roui

Root length em®) 9.45+0.62  12.072.50
Fresh mass (g) “ 0.5240.05  0.95%0.02
Dry mass () * 0.0840.02  0.2940.01
Whole Plant

Plant height (em)  * 35.3442.10  85.661.75

Fresh mass () * 8.47+0.75

Dry mass (1) “ 1.15+0.03
Root/shout dry “

tNAss ratio 0.08+0.03
Muoisture

conteni(y) 7.32::0.50

21371150
1.66.280.02

0.2820.02

197135

B 1 I

0.3510.05

92.12£1.20
2898110
3.2140.32
0.1 8;H).O,}

27.77%1.62

TG00 Mean

11454215 14.56£1.23  9.26:1.25

0.94£0.20  1.52%0.10 0.73£0.17
13.18£1.85 16.32+1.50  10.87x1.64
2.7540.12  1.500.13 3.1340.21
16.03::1.25 2206210 13.86+1.50
1.9230.35  2.7520.20 1.66£0.25
15044122 17.51£125  3.52%1.30

2.05v0.30
0.5940.02

1.262:0.20
0.3340.03

1.504:0.03

82.0511.40
24.37+1.02
2.2740.03

115.07£2.50
38.561:1.20
4.86£0.15
0.21£0.05 0.1920.01

21.65+£1.20

33.81+1.70

Dyata are wean of 3 determinations + standard devistion

Ni3 - Not determined (No plant growih).

Table 4: Effect of various levels of pouliry manure amendment (gk'g-zl soil) on leaf area vatio (LLAR), leat
tass ration (LMRJ; stem mass ratio (SMR). root mass ratio (SMR), and Root mass ratio (RMR).

Poultry

SN

ratio  Leaf mass  ratio Stem wass  ratio Rool mass  ratio

manure  Leal  area
Amendiment (wdkg (LAR) (em2g” dry (LMR) (gg™) (SMR) (e 1) (RMR) (gg™)
,ii‘li,'_)“,__. mass) )
0 . N/D ND ND ND
250 3.6240.12 0.1040.01 0.8310.03 0.0730.00
508 5.92+0.06 ~0.2120.01 0.61£0.01 0.1740.02
750 4114045 0.29+0.02 0.60+0.02 0.11£0.01
1000 3.2640,12 0.3120.01 0.57%0.03 _0.1240.02
Lach data is a mean of 3 determinations + standard deviation
NI = Not deicrmined (no plant growth)
The fallore  of  sceds grown  in percentage (CGP) and  coefficient  of
unamended polluted soil to germinate, confirms germination velocity (CGV) achieved with

that sesds undergo dormancy or are killed as a
result of soil pollution (Schewsendinger, 1968,
Udo and Fayemi, 1975; udo and Oputa, 1984},
The increased cumulative germination

increased levels of PM treatment on the oil-
polluted sail reveal the bioremediation potential
of the organic manure in ameliorating condition
of the soil and dissipating the toxicity of spilled
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hydrocarbon compounds.

The significant increases (p < 0.05) in
the cowpea height, leaf area and fresh and dry
matter accumulations in the various plant
components and the whole plant coupled with
the reduction in leaf abscission, as a result of
increased PM levels, indicate increase in
physiological and biochemical responses of the
plaht due to the amendments.

This finding is in line with the report of Amakiri
and Onofeghare (1983). Also, addition of oil
to soil, stimulates carbon dioxide production,
which could increase the soil acidity and in turn
retard plant physiological processes (Rhykerd et
al., 1995).

' The increased LAR values of cowpea
obtained from 250g to 5600g PM treatment and
the subsequent drop in_their values at 750 or
"1000g PM treatments indicate a compensatory
mechanism due.to héavy shading of the leaves.
Also, the increased LMR value with increase in
PM treatment .is attributed to the reduction in
leaf abscission. The decrease in SMR above

50g and RMR at 750g must have been
affected directly by the production and
partitioning of the photosynthetic products
(Boyd ‘and Murray, 1982). The increase in
moisture content of the plant with increased
PM levels may suggest nutrient and moisture
stresses  due to oil pollution. Similar
obscrvations were reported by Udo and Oputa
(1934).
The reduction in RMR, LAR and
SM# values as the PM treatment increased
from 500g to 1000g may be due to increased
dry matter accumulation of the whole plant.
The increased value of LMR with increased PM
addition could be a compensatory mechanism,
possibly as a result of impaired nutrient and
moisture absorption by the plant at lower PM
treatment.
in conclusion PM additive in oil-poiluted
soils is highly recommended for enhanced
bioremedial and restoration of contaminated
soils. The significant differences (p < 0.05) in
carbon dioxide production between time and
between PM levels and cowpea component
yields are clear indications that PM is a
bioremedial booster.
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